UNCLASSIFI

<D

ap 239 03

Reproduced
/u/ the

I

ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFI




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
suppllied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



259 057

iA

-

YAS

-
=
-
=N
=2

CATALOGED B

BUREAU OF

e ),\

MELLoON INSTITUTE

Quarterly Report No. 5
(From Javuary 11 1961 through Mareh 31, 1961)

[RB¢

BALLISTIC PROTECEIVE BUOYANT MATERIALS

S, NAVAL SUPPLY RESEARCIH AND DEVELOPNENT

FACILITY
SUPPLITES AND ANCCOUNTS,
OF TIHIZ NAVY

U
P PR

DISPARTMENT

e
Contract No. N1T10(135)685791

Mellon Institute Researchi Project No, 388-2




From

U.

o]
P

MELLON INSTITUTE

PrrTsBURGH 13, Pa.

Quarterly Report

sanuary b, 1951

May 20, 1361

Toatated

Tate received

RIEINEN
“gate

March 31, 1301

-

EL S
3V

o) st e
Facility

o~ > IS H oD~
Bureau of Supplies ard Accounts, Department of the Navy Ho. BZ~2
Subjects undsr
which report is
t0 be indezed
TABLE OF CCUHTENTS
Zage
SRRARY - e e - S dmmemmam e mmamen—————— ammmmmana- *
1. 3ALLISTIC ZVALUATIONS
A Otservations Reiated =G the Passazge of the
Projectile througzh Unbonded 3-apie-riter
DAL tS e et ccnas z
2. 3teel 3taple Fiters-------- e R N
C. Jlocmposite Siructure - Orion Fibrous Batt angd

Jigh-Tensile Wire Screen

D. 1Increasing the 3Scope of the Ballistic
i. Hydrophobed 1.0 épf Orlon Batt, 42
2. Hydrophcved 1.0 4pf Orlon Bat:t, 10
3. Hydrophobed 1.5 dpf
L. Doron Body Armor 175 oz./yd.2

~-.

N el
Dacron Batt, 42 oz./yd.”---

e
1
o
&
o}
5N
1

1]

s

i

v

AU RV B )




SIMMARY

Unbonded staple-fiber batts have been observed as impeding
projectile penetration by causing it to tumble as well as increasing
its effective size by wadding.

Batis prepared from steel staple fibers were found to be
ineffective as ballistic armor.

The use of high-tensile wire screen in conjunction with an
Crlon staple fiber vatt increases the protective ability of the batt
cnly when It 1s placed behind the fibers.

The »allistic test method has beer modified by replacing
tre aluminum witness plate with a device capable of accurately deter-
mining the velocities of the projectiles which completely penetrate
tne armor samples. Using this technique, data have been obtained and

slotted for samples of 1.0 dpf Orlon staple fiber batts, 1.5 dpf Dacron

ry

Zver batts and Doron body armor.

It appears that this modified ballistic test method is easier
and more accurate than that originally proposed in determining the limiting
velogity as well as the over-gll protective efficiency of body armor.

Tne <Jependence upon visual observation of the aluminum witness plate to
dezermine the extent of the projectile's penetration of samples is elim-
inated. Also the fedious procedure of predetermining the initial striking
ve_ocities of the projectiles can be replaced by one which only requires

a wide Zistribution of the initial velocities sufficient to plot a

representative curve.
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I. BALLISTIC EVALUATIONS

A. Observetions Related to the Passage of the Projectile through
Unbonded Staple-Fiber Batts

Visual examinations of the fibrous-liner test samples and the
aluminum witness plates which are an integral part of the ballistic test
equipment, have disclosed significant informaticn concerning the passage
of shrapnel-simulating projectiles through the samples.

It is logical to assume that if the spinning projectile were
caused to tumble during its penetration of the fibrous liner, a greater
expenditure of energy would be needed by the projectile for its passage.
Tumbling of tne simulators does occur in most of the staple-fiber
sanples at velocities lower than, equal to, and slightly greater than
the protective or iimiting velocities of the test samples. In those
cases where the pellets are retained in the samples, they are found in
various rest positions indicative of having yawed. The witness plates
after being struck by those projectiles which barely passed through the
samples, were found to be either dented, cracked or punctured with
irregularly-shaped gaping holes. Only tumbling pellets or those askew
could have caused these peculiar dents, cracks and holes. At extremely

high velocities, the pellets completely penetrate both the samples and
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witness plates leaving circular holes whose diameters are only slightly

reaser than the diameters of the pellets. Obviously no tumbling occurs.
It has been cbserved that in every instance where the projec-

sile has been caught and held, only the first several layers of webs

irn the carded bat:t sample have been in intimate c¢ontact with that

rrojecsile. The fivers in these layers are wrapped around the pellet,

effacsively increasing its cize, arnd consegquently causing it to expend

more eneryy in pushing throuzh the remaining nmultilayers of fibers.

To skbtain 2 more effective fibrous wad around the pellet, it may only

Te necessary to alter the characteristics of those severzl fiber layers

< tne Tromt of the batt. Tais could possibly be accomplished by using

shorter fibers, neat-sensitive fibers or by surface-treatment ic increase

“no friction tetween the fivers and the projectile.

B. S5teel Otaple Fiovers

Steel fiters (1" cut) prepared by the G. B. Tennant Co. were
processed inte a vatt on a Rando-webber. The ballistic effectiveness
of this batt was determined using smuples that were 0.5" thick at an
arezl density of 20 oz,/yd.a. It was found that even at the low
velccity cf 5% ft./sec. a projectile completely penetrated the steel

fihrou: sample. Determinations at still lower velocities were not
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possible because of the difficulties encountered in weighing out the
small amount of powder necessary. The poor protection against the
projectile’s penetration offered by the steel fibers may te attributed
to any or all of the following reasons: (1) the extremely high
friction between the steel fibers caused the sample to behave as z
bonded batt enabling the projectile to cleave througn, (2) due to the
density of the steel, there are far less fibers in aumter when compared
to ar organic fiter sample of equal areal density, (3) the iiarezers

of the steel fibers were extremely large when compared 0 the Crion
and Dacron staple fibers which we have found <0 be very effective.

C. Composite Structure - Orlon Fibrous Batt and Eigh-Tensile Wire
Screen

A composite structure was prepared using as the main body
a U2 0z./yd.2 vatt of hycdrophobed 1.0 dpf Orlon fibers (3.0" cut) and
a single layer of a high-tensile wire screen. The woven wire screen
has a tensile strength of 250,000 psi and an areal density of 15 oz./yd.Z
with the individual wire being 0.007" thick. The areal density of this
screen is only slightly larger than that of a single layer of the nylcn
cloth body armor. The limiting velocity of this composite s“ructure was

found with the screen ir front of the Orlon batts and alsc with the

-




screen behind the batts. The limiting velocity when the screen was hit
first by the projectile, was between 1129 ft./sec. and 1150 ft./sec.;
while the limiting velocity of the sample with the screen placed in the
back was between 1217 ft./sec. and 1269 ft./sec. This again preves
that the position of any ballistic material in conjunction with the
staple fiber batts is of great importance. With the screen in front

of the sariple, the projectiles produced circular holes in it, each aoie
being slightly larger in diameter than a projectile. However, with

“he screen tehind the sample, an exiremely large hole in comparison
with the size of the projectile was noted, the hole being approximately
elliptical in shape. This hi-h tensile screen offered practically no
resisiance to the projectlile's travel when the screen was in the front
position; cn the other hand it was more successful in containing the
rrojectile and its accompanying fiter wad when the screen was placed at

tre rear.

D. Increasing the Scope of the Ballistic Test Method

As outlined in the Quarterly Report No. 2 for the research
period from February 1, 1960 through April 30, 1960, the ballistic test
nethod exployed in this laboratory is essentially the same as the

proposed military standard ballistic acceptance test method for armor




#

N o]

g

personnel employing a caliber .22737(17 grain) fragment simulating
projectile-prepared by the U. S. Marine Corp for the Department of
Defense, Project No. 8415-0065. This method is capable of determining
the protective quality or limiting velocity of personnel body armor,

but, unfortunately only enables one to obtain the velocity of the test
projectile before striking the sample. At high velocities where the
sample is penetrated completely by the projectile, there is no indi-
cation of either the velocity of the projectile when it leaves the
sample, or the amount of energy (loss of velocity) absorbed by the tes-
speciren. 'We in this laboratory feel that a complete knowledge of the
effectiveness of a ballistic armor should be known; not only its apili<ty
to stop projectiles, but also its efficiency in slowing down any
projectile whose velocity is high enough to cause it to penetrate the
armor. For this reason the present test methcd has been altered in order
to obtain this latter information. The present test method makes use

of an aluminum witness plate which is placed 6" behind the test sample.
In the present new method the witness plate is eliminated, being replaced
by two triggering devices which when connected to a chronograph
(Berkeley/Beckman time interval meter) will bYe able to determine the
velocity of the projectile leaving the sample. The first triggering

device is positioned 6" behind the sample. The second is located at a




distance of 1 ft. behind it. The distance between the triggering cards
was measured accurately so that the actual velocity in ft./sec. could
be determined precisely. This short distance of separation also serves
the purpose of assuring that every projectile (after leaving the sample)
would strike both triggering devices in case any projectile deviated
slightly from its original path. The triggering devices are larger
versions of the original wired-cards which have beexn normally used to
detect velocity of the projectiles before striking the sample (see

Quarterly Progress Report No. 2).

1. Hydrophobed 1.0 dpf Orlon Batt, L2 oz./yd.Z

The revised ballistic test was first used on a 0.5" batt
composed of carded 1.0 dpf Orlon staple (3.0" cut) having an areal
density of L2 oz./yd.z. The fibers were coated with the Decetex-104
water-repellent. The data accumulated are presented in Table I with
the representative curve being shown in Figure I. The table lists the
velccities of the projectiles before striking and after leaving the
sarples, and also the reduction of the initial velocities due to the
samples. The velocity loss is reported in both ft./sec. and percentage.

By referring to Figure I, one may more readily visualize the

effectiveness of the sample in resisting the penetration of the projectile.
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The percentage loss of initial velocity due to the sample {this may slso
be termed the percentage protection) is plotted against the initial
velocity of the projectile before striking the target. !Haturally, if
all of the erergy of the projectile is absorbed by ‘ne sampie {i.e.: the
initial velocity of the projectile is reduced by 100% due o the sample),
then the limiting velocity or protecting velocity of the sample has been

reached. If the curve in Figure I is extrapolated tc 100% velocity loss,

the limiting velocity is readily determined.

2. Hylrophcted 1.0 dpf Orlor Batt, 3G cz./yd.-

(=]

Using the hydrophoted 1.0 4pf Orlon staple Sfibers identisal %o
those in the previcus ballistic test, batts were prepared 2% thicknesses
of C.5" and areal densities of 10 oz./yd. The results obttained ty

the mcdified Tallistic method are shown in Table II and Figure II. 3ince
the limiting velocity ¢f these samples is low (approximately <CO £t./sec.
as deternmined from the curve presented in the Quarterly Report No. 2},

the requirement of small quantities of the propellant powder was Iifficult
to achieve. Therefore, the test was conducted at initial velocities

above 30C f£+./sec. Of course the results gave valuable informaticn
concerning the ballistic effectiveness at velocities above the limiting

velocity. At an initial velocity of 800 ft./sec., the 10 oz./y

rlcn batt was capable of reducing it by 30%.
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3. Hydrophobed 1.5 dpf Dacron Batt, 42 oz./yd.?

Using the Decetex-104 hydrophobed 1.5 dpf Dacron staple
fivers (3.0 inches), a 0.5 inch batt was prepared at an areal density
of L2 oz./yd.z. This was cubjected to the modified ballistic test
rmethod and the results tabulated in Table III as well as graphically
presented in Fig. III. A comparison of the data for the one denier
Orlon and the 1.5 denier Dacron as illustrated in Tables I and III
shows that the Orlon has a higher limiting velocity. It is significant
to note, however, that for projectiles velocities above 1200 ft./sec.,
2072 materials are approximately egual in their ahility to slow down

the rassage of the projectiles.

4. Doron Body Armor, 175 oz./yd.Z

To determine the actual effectiveness of our fibrous batt
Lirers as ovallistic material, it is essential that they be compared
with conventional body armor. To this end, plates of 1/8" Doron body
aymor were obtained and tested by the modified ballistic method. It
is to be rememvered however, that the Doron body armor has an areal
density of 175 oz./yd.g, a little more than I times the density of
+he fibrous liners. The velocity of the projectiles hurled at the

Doron armor ranged from 11kl ft./sec. to 1613 ft./sec. As seen in
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Table IV and Fig. IV, considerable variation exists in the ability
of these armor plates to withstand the passage of the projectile

through them. Unlike the protective action of the fibrous batts, the

Doron appears to rely considerably upon the delamination of the irdividual

layers of glass and resin. The inconsistencies of the results are
undoubtedly due to a large extent to the irregularities encountersd in
the manufacture of such laminates. In spite of the variaticns in the
results, however, it can plainly be seen that as the projectile velocity
increased, the avsorption of energzy by the samples decreased. Although
the Doron is definitely superior in impeding the passage of the
projectile at striking velocities greater than the limiting velociiy,
the 42 oz._.":{d.2 Orlon bpatt compares very favorably as a protective
garment at striking velocities of 1100-1200 ft./sec.

An interesting and significant interpretation of the ballistic
data obtained for the Doron armor (175 oz./yd.g) and the 1.0 denier
Orlon batt (42 oz./yd.®) points to the preparation of a body armor
capable of protecting the wearer from 17 grain projectiles traveling
at velocities up to 1600 ft./sec. A composite structure of 1 layer of
Doron (1/3") and 1 layer of hydrophobed 1.0 dpf Orlon (0.5" batt) could

offer this protection only if these materials were positioned properly.




If the Orlon batt were placed as the outside layer which would be struck
rirst by the projectile traveling 1600 ft./sec., it would be easily
penetrated, and the residual projectile velocity would be greater than
1357 ft./sec. (see Table I). This value far exceeds the limiting
velocity of the Doron. The result would be camplete penetration of the
conposite. However, if the DoiOn were placed cutside to encounter the
projectile first, the initial velocity of 1600 ft./sec. would be lowered
by 36-37% during its passage through the Doron resulting in a residual
velocity slightly in excess of 1000 ft./sec. (see Table IV). This

value is less than the limiting or protective velocity of the Orlon

batt. As a result the projectile would be completely contained.

M. C. Jaskowski:lws zhf C %U‘Va’“

et e b ST
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TABLE I,

Ballistle Performance

1.0 dpf Orlon Staple Fibers (3.0" Cut)

0.5" Batt at 42 oz./yd.2

Hydrophobed with L% Decetex=-10kL

- e s e 5 S

Velocity of Projectile (ft./sec.) Velocity Loss
Due to Sample
3efore Entering Samvdle After Leaving Sample (£t./sec.) %
1187 185 981 84,1
1139 580 619 51.6
1237 1062 175 14,1
1355 1193 162 12.0
1331 1228 153 11.1
1k2k 1275 149 16.5

137 1357 1ke 9.b
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TABLE II.

Ballistlic Performance

1.0 dpf Orlon Staple Fibers (3.0" Cut)

0.5" Batt at 10 oz./yd.Z

Hydrophobed with 4% Decetex-104

Velocity of Projectile (ft./sec.) Velocity Loss

Due to Sample
Before Entering Sample After leaving Semple (ft./sec,) %
796 565 231 29.0
822 585 237 28.8
842 €06 236 28.0
349 620 229 26.9
913 £82 237 25.8
pra 710 2Lk 23.2
931 707 2k 2k,1
1046 372 iy 16.6
1208 1039 169 14,0

1420 1335 835 5.0

| a——— bt
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TABLE III.

Ballistic Performance

1.5 dpf Dacren {3,0")

0,5" Batt at L cz./yri.2

Hydrophobed with 4% Decetex-10L

1.

Velocity of Projectile (f£t./sec.)

Veloeity Loss

~uz to Sample

3efore Entering Sample APter Leaving Sample (ft./sec.) ’
1cok 3 1236 23,3
1136 135 951 33.7
1208 1Ceo 135 i5.2
12kL 10Lh 2Co 16,1
1272 1119 133 12.0
1282 1113 165 13.2
1333 117k 152 1.3

e At
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.
TA3LE IV,
Ballistic Performence
1/8" Dorcn Body Armor
173 2z./3 .2
crojeotile Velocity (£5./sez.) Talsaity Loss
Due 4c Santie
lefore Zntering Sammle After Leavi~g Sample ‘P, /see,) "
pala] 2Co 335 21,9
Sl 51Z o37 3.3
11a3 255 332 7C.1
1139 532 7 53.5
1202 357 3k> 7.2
1243 29C 522 51.2

1253
1242

1288

537 709 56.9
562 €91 55.1
483 779 5L.7
527 TOL Sk b

g2k 675 52,0
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TABLE IV.

(Continued)

Trojectile Velocity (ft./sec,) Veloeity Loss
Due to Sample
lefore Intering Somple After Leaving Sample (ft./sec.) )
1392 £31 7 51,1
1hCr 745 35 -3
1L.03 8¢¢ 506 L3,2
iLé2 37 Z13 Lz2,o
153k 255 573 3747

1813 1019 53k 38,5
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